Only some aspects of the problem of the specification of sources will be reported here since this topic will be dealt with at length in a forthcoming ICRU Report and has been treated recently (Dutreix et at., 1982).
(1) When radium tubes were the only radioactive sources used in intracavitary therapy, their strength was specified in terms of the mass of radium in mg contained in the tube.
(2) When artificial radionuclides became available, the sources were first specified in terms of their activity in mCi.
(3) Due to the influence of self-absorption and filtration within the source and its sheath, the "contained activity" was of little practical interest and the concept of "apparent activity" was introduced. The apparent activity of a source was defined as the activity of a point source of the same radionuclide which would deliver the same exposure rate in air at the same distance from the center ofthe actual source (the distance should be large enough so that the actual source can be considered as a "point source").
Instead of the term apparent activity, the expression "equivalent activity" has also been used (IAEA, 1967 and ICRU, 1970) , but it could lead to some confusion with the expression "milligram-radium equivalent". This is because sources of different radionuclides with the same apparent activity will not give equivalent dose distributions.
(4) In order to compare radium substitutes directly with radium itself, sources were specified in "milligram-radium equivalent". The radium equivalent mass (mg-Ra equivalent) of a source is the mass of radium filtered by 0.5 mm of platinum which leads to the same exposure rate as that from the radioactive source of interest at the same distance. Thus, the dose rate at a given distance from a typical 10 mg radium tube filtered by 1 or 2 mm of platinum is less than the dose rate delivered at the same distance by a 10 mg Ra equivalent source which was standardized to 0.5 mm platinum.
(5) Later, the strength of a source was specified in 17 terms of its output, i.e., exposure rate at a reference distance. (CFMRI, 1983) has recommended that radioactive sources be specified in terms of "reference air kerma rate" ("debit de kerma normal dans l'air"). The reference air kerma rate of a source is the kerma rate to air, in air, at a reference distance of one metre, corrected for air attenuation and scattering. This quantity is expressed in ~Gy·h-l at 1 m. For example, a "point" source containing 1 mg of radium, 0.5 mm Pt filtration, produces an exposure rate of 8.25 ± 0.10 R·h-l at 1 cm or 8.25 X 10-4 R·h-l ·m 2 . Taking into account the conversion factor from exposure to air kerma (0.873 cGy·R-l) and the correction for the difference in filtration (0.93), a source containing 10 mg of radium, 1 mm Pt filtration, produces an air kerma rate of 67 ~Gy·h-l at 1 m.
(7) The total reference air kerma is the sum of the products of the reference air kerma rate and the duration of the application for each source.
By way of example, we consider an application performed with 25 mg of radium as an intrauterine source and 40 mg of radium as the vaginal sources. If the radium tubes are filtered by 1 mm Pt, 65 mg of radium yield a reference air kerma rate of 435 ~Gy·h-l·m2. Therefore, for example (for radioprotection purposes), at one metre from the patient the dose equivalent rate will not exceed about 0.4 mSv·h-l .
Assuming that the sources are left in situ for 6 days (144 hours), the total reference air kerma is equal to 435 X 144 X 10-6 Gy or 6.27 cGy at 1 m. The dose delivered to the sigmoid for example (assumed to be 10 cm from the center of the sources) is approximately 6.27 X 10 2 cGy or 6.27 Gy, neglecting tissue attenuation and the tissue-kerma to air-kerma ratio.
